The use of corn wastes should increase production efficiency. The objective of this study was to evaluate anthocyanin content, phenolic content and antioxidant activity in kernel, cob, silk, and husk of purple waxy corn. Three varieties of purple waxy corn and a commercial check were planted in a randomized complete block design with three replications. Data were recorded for anthocyanin content, anthocyanin yield, phenolic content and antioxidant activity determined by 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability (DPPH) and Trolox equivalent antioxidant capacity (TEAC) methods at edible stage (20 days after pollination; DAP) and seed stage (35 DAP). Significant differences between kernel maturity stages and among corn varieties and ear components were observed. Seed stage had significantly higher anthocyanin content, phenolic content and antioxidant activity than edible stage. KKU-OP and commercial check had the highest anthocyanin content, anthocyanin yield, DPPH and TEAC at edible and seed maturity stages. Corn silk had high anthocyanin content, DPPH and TEAC at seed stage, but corn cob had the highest anthocyanin content per unit of area. KKU-OP had the highest anthocyanin content, DPPH and TEAC at both maturity stages, whereas KKU-OP and KKU-WX111031 had the highest anthocyanin yield at edible and seed stages, respectively. Corn silk and corn cob had anthocyanins and can be used as a source of anthocyanins in food industry. KKU-OP and KKU-WX111031 had high anthocyanins and antioxidant activity and could be used as an alternative source of bioactive compounds for the functional food industry and a germplasm source for high anthocyanins.
Introduction
Health problem caused by non-communicable diseases (NCD) including cardiovascular disease, diabetes, cancer, and chronic respiratory diseases is an important problem of modern life. A report revealed that 36 million people died from non-communicable diseases in 2008. The report estimated that, by 2020, NCDs are projected to cause almost three quarters as many deaths as communicable, maternal, prenatal and nutritional diseases and, by 2030, the deaths caused by the NCDs is expected to exceed the deaths caused by these disease (Sacco et al., 2013) . The increase in NCDs is more rapid in low-and middle-income countries, and the diseases cause social, economic and health problems of people in these countries (Alwan et al., 2010) . High dietary intake of fruits, vegetables and whole-grains is strongly associated with reduced risk of NCDs (Isabelle et al., 2010) . These health benefits are attributed to the antioxidant compounds present in edible plants. Among them, anthocyanins are naturally occurring polyphenol pigments in many fruits, vegetables and cereals (He and Giusti, 2010) . Positive association of the intake of fruits, vegetables and cereals with healthy biological effects including anticancer, anti-inflammatory and antioxidant characteristics in vivo has been reported (Norberto et al., 2013) . World Health Organization and Food and Agriculture Organization launched a campaign to promote daily consumption a minimum of 400g of fruits and vegetables per day (excluding starchy tubers) for the prevention of chronic diseases in 2003. The Ministry of Health in New Zealand recommends adults to eat at least three servings of vegetables and two of fruit each day (World Health Organization, 2003) . The information obtained in the literature indicated that fruits, vegetables and cereals are important for health. Colored fruits, vegetables and cereals, in general, had higher quality than colorless food (Kim et al., 2000) . These agricultural products have antioxidant activity against aging and various diseases. Colored waxy corn hybrids with high antioxidant activity were developed (Ji et al., 2010) . However, the information on antioxidant activity in waxy corn is still not sufficient. Corn (Zea mays L.) is a cereal and a source of carbohydrate that can serve the need for food, feed and fuel. Corn and its products are also rich in many phytochemicals such as carotenoids, phenolic compounds, anthocyanins, and tocopherols. Anthocyanin pigments in corn are responsible for its high antioxidant activity and have been shown to potentially reduce the risk of colon cancer (Hagiwara et al., 2001) , prevent heart ischemia-reperfusion injury and hyperlipidemia (Toufektsian et al., 2008) , anti-inflammatory effects (He and Giusti, 2010) and prevent diabetes and obesity (Tsuda et al., 2003) . Europe and the United States are being more interested in purple corn, which is not a traditional source of dietary anthocyanins in these regions. For example, the ATHENA Collaborative Project (http://www.athena-flora.eu/) funded by the European commission provided a robust scientific foundation for improved dietary recommendations and concentrates on anthocyanins and related polyphenols of purple corn to promote health and to protect against chronic diseases.
The waxy corn (Zea mays L. var. ceratina) is consumed as fresh food and whole grain food mostly in Asian countries including China, Korea, Taiwan, Vietnam, Laos, Myanmar and Thailand, and the production area is increasing (Harakotr et al., 2014) . Waxy corn products in forms of processed corn kernels, frozen corn kernels, and frozen corn ears are currently welcome in supermarket in the Europe and America (Ketthaisong et al., 2014; Lertrat and Thongnarin, 2008) . The color range of waxy corn from white to black colors is correlated to phytochemical constituents and concentrations. Pigmented corn kernels had higher phytochemicals than did non-pigmented corn kernels (Harakotr et al., 2014; LopezMartinez et al., 2009) . The interest in pigmented corn has increased in recent year and, therefore, the improvement of waxy corn hybrids with dark kernel colors and high phytochemicals is an objective of waxy corn breeders.
The information on phytochemicals and antioxidant activity in waxy is available mostly for corn kernels, and the information for different parts of ears is still lacking. The objective of this study was to evaluate anthocyanin content, phenolic content and antioxidant activity of four purple waxy corn genotypes in four ear components (kernel, cob, silk, and husk) at edible stage (20 DAP) and seed stage (35 DAP). The results reported in this study will be valuable for food nutritional researchers to develop co-products from corn production for use as natural antioxidants, dietary supplements and cosmetics.
Results

Total anthocyanin content (TAC)
Corn was harvested at edible stage and seed stage. Edible stage is defined as the stage of growth at 20 DAP, and seed stage (35 DAP) is defined as the growth stage between harvest maturity and physiological maturity, respectively. The kernel at seed stage is suitable for seed production, and the corn was harvest at seed moisture of about 40%. At edible stage, KKU-OP (Fig. 1) had the highest TAC (151.3 mg CGE/100g of FW) followed by KKU-F1 Hybrid (93.0 mg CGE/100g of FW) and commercial check (76.3 mg CGE/100g of FW), respectively, whereas KKU-WX111031 had the lowest TAC (38.2 mg CGE/100g of FW) (Table 1) . At seed stage, the values of TAC were higher than at edible stage in all corn genotypes. The values of TAC were 295.9 mg CGE/100g of FW in commercial check, 290.6 mg CGE/100g of FW in KKU-F1 Hybrid, 225.6 mg CGE/100g of FW in KKU-WX111031 and 202.3 mg CGE/100g of FW KKU-OP (Table 2 ).
Significant differences (P<0.05) among ear components were observed for TAC. Corn silk had the highest TAC (256.5 mg CGE/100g of FW) at edible stage followed by corn cob (49.0 mg CGE/100g of FW) and kernel (29.9 mg CGE/100g of FW), respectively, whereas husk had the lowest TAC (23.5 mg CGE/100g of FW) ( Table 1) . At seed stage, corn silk was also highest for TAC (463.7 mg CGE/100g of FW) followed by corn cob (271.3 mg CGE/100g of FW) and husk (210.3 mg CGE/100g of FW), respectively, whereas corn kernel had the lowest TAC (69.2 mg CGE/100g of FW) ( Table 2) .
The corn genotypes were significantly different (P<0.05) for TAC in corn silk. At edible stage, KKU-OP had the highest TAC (408.5 mg CGE/100g of FW) followed by KKU-F1 Hybrid (289.1 mg CGE/100g of FW) and commercial check (249.5 mg CGE/100g of FW), respectively (Table 1) . Corn genotypes were also significantly different (P<0.05) for TAC in husk, and the values of TAC were much lower than those in corn silk, ranging from 4.7 to 48.7 mg CGE/100g of FW. Corn silk contributed to the largest portions of TAC in ears of all varieties (51.6-81.7%), followed by cob (4.8-22.4%), kernel (4.4-22.3%), and husk (1.5-13.1%) (Fig. 2) . The results indicated that silk of purple waxy corn is a rich source of anthocyanins. At seed stage, the values of TAC followed a similar trend to those described for the edible stage ( (Fig. 2) . With exception of KKU-F1 hybrid, corn husk corn husk contributed to the smallest portions of anthocyanin content in most corn genotypes.
Although the values of TAC were high, the proportions of TAC in corn silk reduced at seed stage.
Total anthocyanin yield (TAY)
Total anthocyanin yield was calculated on hectare basis from total anthocyanin content in all ear components. At edible stage, KKU-OP had the highest TAY (1,400.2g CGE ha -1 ) followed by KKU-WX111031 (730.5 g CGE ha -1 ), KKU-F1 hybrid (703.5 g CGE ha -1 ) and commercial check (641.8 g CGE ha -1 ), respectively (Table 1) . At seed stage, the highest values of TAY were obtained from commercial check (4,130.1 g CGE ha -1 ) followed by KKU-WX111031 and KKU-OP (3,009.2 and 2,858.3 g CGE ha -1 , respectively), whereas the lowest value was obtained from KKU-F1 hybrid (1,987.0 g CGE ha -1 ) ( Table 2 ). Significant differences (P<0.05) were observed among corn genotypes and ear components for TAY. At edible stage, corn cob had the highest TAY (1,396.7 g CGE ha -1 ) followed by corn kernel (1,082.8 g CGE ha -1 ) and husk (625.8 g CGE ha -1 ), respectively, whereas silk had the lowest TAY (370.7 g CGE ha -1 ) ( Table 1) . At seed stage, corn cob had the highest TAY (5,575.7 g CGE ha -1 ) followed by corn kernel (4,283.6 g CGE ha -1 ) and husk (1,805.5 g CGE ha -1 ), respectively, whereas corn silk had the lowest TAY (319.9 g CGE ha -1 ) ( Table 2) . At edible stage, cob of KKU-OP had the highest TAY (2,806.6 g CGE ha -1 ) followed by kernel of this variety (1,558.5 g CGE ha -1 ) and cob of KKU-WX111031 (1,338.3 g CGE ha -1 ), respectively, whereas the husk of commercial check had the lowest TAY (174.3 g CGE ha -1 ) ( Table 1) . Corn cob was the main source of TAY in KKU-WX111031, KKU-OP and commercial check, accounting for 39.2 to ); TPC, total phenolic compound (mg GAE/100g of FW); DPPH, 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability (% inhibition);
TEAC, Trolox equivalent antioxidant capacity (% of inhibition). 53.7% (Fig. 2) . Corn husk was also the main source of TAY in KKU-F1 accounting for 46.7%, whereas corn silk of all varieties contributed to the smallest portions for TAY, ranging from 6.8 to 17.7%. At seed stage, cob of KKU-WX111031 and kernel of commercial check had the highest TAY values of 9,602.9 and 9,439.0 g CGE ha -1 , respectively, followed by cob of commercial check variety (6,168.8 g CGE ha -1 ), whereas husk of KKU-WX111031 and silk of commercial check had the lowest TAY values (Table 2) . Corn cob was the main source of TAY in KKU-WX111031 and KKU-F1 hybrid, and corn kernel was the main source of TAY in KKU-OP and commercial check. Corn husk contributed to the smallest portion of TAY in KKU-WX111031, whereas corn silk contributed to the smallest portions of TAY in KKU-OP, KKU-F1 hybrid and commercial check (Fig. 2) .
Total phenolic compound (TPC)
Significant differences (P<0.05) among corn genotypes were founded for TPC at edible stage. KKU-OP had the highest TPC (46.87 mg GAE/100g of FW) followed by KKU-WX111031 (33.59 mg GAE/100g of FW) and commercial check (30.32 mg GAE/100g of FW), respectively, whereas KKU-F1 hybrid had the lowest TPC (22.54 mg GAE/100g of FW) ( ); TPC, total phenolic compound (mg GAE/100g of FW); DPPH, 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability (% inhibition);
TEAC, Trolox equivalent antioxidant capacity (% of inhibition).
Fig 2.
Relationship between total anthocyanin content (A), total anthocyanin yield (B), total phenolic compound (C), and antioxidant capacities,2,2-diphenyl-1-picrylhydrazyl radical scavenging ability, (D); Trolox equivalent antioxidant capacity, (E) in 4 varieties of purple color waxy corn at edible maturity stage and at seed stage.
mg GAE/100g of FW) at seed stage although the differences among varieties were not significant ( (Fig. 2) . At seed stage, the corn cob of commercial check and silk of KKU-F1 hybrid had the highest TPC (74.85 and 72.32 mg GAE/100g of FW, respectively) followed by silk and cob of KKU-WX111031 (70.63 and 66.13 mg GAE/100g of FW, respectively) ( Table 2 ). However, the lowest TPC (11.79 mg GAE/100g of FW) was founded in husk of KKU-WX111031. Corn silk was the main source of TPC in KKU-WX111031, KKU-OP and KKU-F1 hybrid, whereas corn cob was the main source of TPC in commercial check (Fig. 2) .
Antioxidant capacity
Differences among waxy corn varieties at edible stage were significant (P≤0.05) for parameters related to antioxidant capacity (2,2-diphenyl-1-picrylhydrazyl radical scavenging ability, DPPH; Trolox equivalent antioxidant capacity, TEAC (Table 2) . Corn silk was the main source of DPPH and TEAC in most varieties exception for KKU-WX1110331 and commercial check in which corn cob contributed to the greatest proportions of TEAC (Fig. 2) .
Discussion
Antioxidants and their capacities in waxy corn at different maturation stage
Waxy corn has high variations in kernel color, starch properties and nutritionally important components (Harakotr et al., 2014; Hu and Xu, 2011; Kethaisong et al., 2014) . The kernel colors of waxy corn include white, yellow, purple, blue and black. Previous study indicated that kernel colors of waxy corn were closely related to phytochemical constituents and concentrations. In this study, waxy corn varieties with purple and black kernels were selected because they are rich in anthocyanins and phenolic compounds, and the results indicated that KKU-OP had the highest total anthocyanin content at edible stage (151.3 mg CGE/100g of fresh weight (FW)). In previous investigations with many crops, total anthocyanin contents were138.1 mg CGE/100g in black colored waxy corn (Hu and Xu, 2011) , (2.2 mg CGE/100g in red rice and 15.3 mg CGE/100g in blue wheat (Abdel-Aal et al., 2006) . Total anthocyanin contents (ranging from 4.68 to 500.84 mg CGE/100g of FW in all parts of ear) in waxy corn in this study were higher than those in previous study. The differences in the results among different studies were due largely to plant species and plant genotypes and plant parts. The results in this study and previous studies indicate that there is variation in anthocyanin content in waxy corn and breeding for high anthocyanins in waxy corn is possible. At seed stage, commercial check and KKU-F1 Hybrid had the highest total anthocyanin content (295.9 and 290.6 mg CGE/100g of FW, respectively), whereas KKU-OP had the lowest total anthocyanin content. Seed stage, on average, also had higher anthocyanin contents ranging from 25 to 83% than did edible stage, when all genotypes were considered. Genotype and maturity stage were the important sources of variation in anthocyanin content in waxy corn. In previous investigation in waxy corn, corn harvested at dry kernel stage had significant and slightly higher anthocyanin content than did corn harvested at fresh kernel stage (Khampas et al., 2013) . Higher anthocyanin content at seed stage would be possibly due to longer time for anthocyanin accumulation. Kernel development in all corn genotypes was characterized by the change in pericarp colors varying from light color to dark color. Changes in color reflected changes in the profiles of pigments synthesized in corn such as anthocyanins during maturation (Hu and Xu, 2011) . KKU-OP had the highest anthocyanin yield (1,402 g CGE ha -1 ) at edible stage followed by commercial check (4,130 g CGE ha -1 ) at the same growth stage. The results indicate that the purple waxy corn is abundant of anthocyanins, which are strong free radical scavengers calculated by weight and/or capita. These corn varieties can be used as alternative materials for functional food products and nutraceutical industry. Waxy corn is consumed as a fresh vegetable at immature stage and as whole grain at mature stage. The corn-based antioxidants are more easily accepted among malnourished and lowincome consumers, particularly in the rural areas of developing countries (Chander et al., 2008) .
Utilization of waxy corn co-products in the functional food industry and beyond
Wastes from industry and agriculture can be used for production of natural food colorants and antioxidants. Corn tassels could be used as a source of phenols to prolong the shelf life of fats and oils (Mohsen and Ammar, 2009 ). In Andean purple corn, the co-products of corn processing were used as food additives or natural antioxidants (CevallosCasals and Cisnoros-Zevallos, 2003) . To the best of our knowledge so far, this information is not available for waxy corn. Corn silk is currently reported as a rich source of various bioactive compounds such as protein, vitamins, carbohydrates, calcium, magnesium, volatile oil, alkaloids, flavonoids and phenolic compounds that possess high antioxidative effects (Ebrahimzadeh et al., 2008) . Therefore, corn silk can be used as a food ingredients and flavoring. In this study, the highest values of antioxidants and their capacities were obtained from corn silk across all genotypes at both edible and seed stages. Although seed stage had slightly high concentration of antioxidant compounds than did edible stage, edible stage is the harvest growth stage for commercial production of vegetable waxy corn. At edible stage, averaged anthocyanin content was 256.5 mg CGE/100g of FW. The reason underlying high anthocyanin content in corn silk compared to other parts of ear is still unresolved, and further investigations on phytochemical changes during seed maturation are still required. However, the information on anthocyanin content in different components of ears of purple waxy corn is useful for utilization of purple waxy corn as a source of anthocyanins.
In previous studies in other crop species, anthocyanin contents were 236 mg CGE/100g of FW in blackcurrant, 68 mg CGE/100g in cowberry (Kahkonen et al., 2003) and 202 mg CGE/100g in strawberry (Patras et al., 2009) . Corn silk of purple waxy corn has high anthocyanin content and is a good source of bioactive compounds (Sarepoua et al., 2015) . The overall findings regarding the antioxidants found in colored corn silk were in accordance with those reported by other researchers. Therefore, corn silk of colored waxy corn is a valuable source of natural antioxidants for functional food products and cosmetic products, and the use of corn silk should reduce agricultural waste.
Corn cob had lower total anthocyanin content than did corn silk at edible and seed stages. However, but this it had higher pigments than did corn kernel and seed. In other studies, corn cob of Chinese purple corn had anthocyanin content of 92 mg CGE/100g (Yang and Zhai, 2010) , and corn cob of Andean purple corn had anthocyanin contents ranging from 290 to 34,000 mg CGE/100g (de Pascual-Teresa et al., 2002; Jing et al., 2007) . Anthocyanins found in purple corn cob in this study was higher than that found in Chinese purple corn but it was low than those found in Andean purple corn. Different results among different studies indicate the variation in anthocyanin content in purple waxy corn, and improvement of corn cob for high anthocyanin content would be possible. Although colored waxy corn cob has a lower concentration of anthocyanin than Andean purple corn, waxy corn is utilized as fresh food at edible stage or as a raw materials for whole grain foods at mature stage (Harakotr et al., 2014) . Waxy corn matures earlier than normal grain corn, exhibits better nutrient quality and presents improved palatability (Hu and Xu, 2011) .
In this study, the correlation coefficients between total phenolic content and DPPH and TEAC were positive and significant at both edible stage and seed stage, and the correlation coefficients between total anthocyanin content and DPPH and TEAC were also positive and significant (data not reported). These correlation coefficients ranged between 0.73 and 0.99 (P≤0.01), and the correlation coefficients between anthocyanin content and phenolic content were 0.77 (P≤0.01) at edible stage and 0.70 (P≤0.01) at seed stage (data not reported).
In previous investigation in purple waxy corn, total anthocyanin content was significantly correlated with TEAC, DPPH, and total phenolic content, and total phenolic content had positive and significant correlations with TEAC and DPPH (Khampas et al., 2013) . The authors also found that correlation between DPPH and TEAC was also positive and significant. The results indicated that phenolics and anthocyanins contributed to antioxidant activity in purple waxy corn and any antioxidant assay in this study can be used for evaluation of antioxidant in waxy corn because of high association between the methods.
The interest in anthocyanin pigments from purple waxy corn has increased in recent year because of their possible utilization as functional food products. Purple corn cob is an anthocyanin-containing agricultural waste and it is a good source of anthocyanin for use in food, pharmaceutical and cosmetic industries. In this study, anthocyanin yields of 1,396 and 5,575 g C3G ha -1 at edible and seed stages, respectively were estimated. The results indicated that the cob of colored waxy corn possessed excellent antioxidant capacity, and it is a promising source of anthocyanins for use in food industry.
Materials and Methods
Plant materials and crop management
Three waxy corn varieties (KKU-WX111031, KKU-F1 Hybrid and KKU-OP) improved by the plant breeding research center for sustainable agriculture, Khon Kaen University, Thailand, and one commercial variety (commercial check) from seed company were used. These waxy corns were evaluated in a randomized complete block design with three replications at the Research Farm in Mahasarakam University in the dry season 2011 (November 2011 through January 2012). The plot size was single-row plot with 5m long and spacing of 0.8m between row and 0.25m between plants within rows. The recommended practices for the commercial production of vegetable corn were followed. The populations were sib-pollinated with the plants in the same populations to avoid contamination of stray pollens. Ears were harvested by hand at the milk stage (20 DAP) and seed stage (35 DAP). Seed stage is described as the stage that suitable for seed production, and it is between physiological maturity stage and dry harvest maturity stage. The moisture content of the kernels is about 40%. At milk stage, ears from physiologically undamaged 10 waxy corn ears were manually separated into different ear components including husk, silk, kernel and cob. The samples were frozen in liquid nitrogen to stop the enzymatic activity and stored at −20 ºC until analysis.
Sample Extraction
Anthocyanins in distinct ear parts were extracted according to the method previously described by Yang et al. (2009) with slight modification. Portion of 0.5g samples were put into a conical flask containing 25mL of acidified methanol (methanol-1% citric acid, 80:20 v/v) mixed well and stored for 24 h at 4 ºC. The solution was then transferred to a tube and centrifuged at 11,538 g for 10 min at 4 °C. Further, the supernatants were collected and kept at −20 ºC in the dark until analysis.
Determination of total anthocyanin content (TAC) and total anthocyanin yield (TAY)
Total anthocyanin content was measured using the pH differential method as described by Giusti and Wrolstad (2001) . A UV-vis spectrophotometer (UV-1700 Pharmaspec, Shimadzu, Japan) was used to measure the absorbance at 510 and 700 nm. Anthocyanin levels were expressed as mg of cyanidin-3-glucoside equivalents per g of fresh weight (mg CGE/100g of FW), using the reported molar extinction coefficient of 26900 M −1 cm −1 and a molecular weight of 449.2 g/mol. Anthocyanin yield was also calculated on hectare basis from anthocyanin content in all parts of ears by weight.
Determination of total phenolic content (TPC)
Total phenolic contents were determined using FolinCiocalteu (F-C) method described by Hu and Xu (2011) . Briefly, the appropriate dilutions of extracts were oxidized with F-C reagent, and the reaction was neutralized with sodium carbonate. The absorbance of the resulting blue color was measured at 765 nm after 90 min, and the phenolic content was expressed as mg of gallic acid equivalents (GAE) per 100g of fresh weight (mg GAE/ 100g of FW).
Determination of antioxidant activity
The capacity for scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals was assessed by measuring the bleaching of a black-coloured methanol solution containing DPPH radicals as described by Yang and Zhai (2010) . Briefly, 0.1 mM solution of methanolic DPPH solution was prepared. The initial absorbance of the DPPH in methanolic was determined at 517nm and did not change throughout the period of assay. An aliquot (0.1mL) of each sample (with appropriate dilution if necessary) was added with 3 mL of methanolic DPPH solution. Discolorations were measured at 517 nm after incubation for 30 min at 30 ºC in the dark. Measurements were performed at least in triplicate. The percentage of DPPH
• was calculated as: %DPPH reduction = (Abs control -Abs sample ) × 100 / Abs control Where Abs control is the absorbance of the control, and Abs sample is the absorbance of the sample. Trolox equivalent antioxidant capacity (TEAC) assay, which measures the reduction of radical cations of ABTS by antioxidants was conducted as described by Yang and Zhai (2010) . The radical cation ABTS
•+ was generated by persulfate oxidation of ABTS. A mixture (1:1, v/v) of ABTS (7.0 mM) and potassium persulfate (4.95 mM) was allowed to stand overnight at room temperature in the dark to form radical cation ABTS •+ . A working solution was diluted with phosphate buffer solution to reach absorbance values between l.0 and 1.5 at 731 nm (constant initial absorbance values must be used for standard and samples). An aliquot (0.1 ml) of each samples (with appropriate dilution if necessary) were mixed with the working solution (3.9 ml), and the decrease of absorbance was measured at 731 nm after 10 min at 37 °C in the dark. Aqueous phosphate buffer solution (3.9 ml, without ABTS
•+ solution) was used as a control. The ABTS
•+ scavenging rate was calculated as: %ABTS reduction = (Abs initial -Abs final ) × 100 / Abs initial Where Abs initial is the absorbance of the control, and Abs final is the absorbance of the sample.
Statistical analysis
The data were presented as the means of three replicates + standard deviation. The results were subjected to variance analysis and Duncan's multiple range test (DMRT) (P<0.05) was used to identify significant differences between group means using the JMP Pro software (version 10, SAS Institute Inc., Chicago, IL, USA).
Conclusions
Corn genotypes, ear components and maturity stages were significantly different for total anthocyanin content, total anthocyanin yield, total phenolic compound and parameters related to antioxidant capacity (2,2-diphenyl-1-picrylhydrazyl radical scavenging ability; DPPH and Trolox equivalent antioxidant capacity; TEAC). KKU-OP had the highest antioxidants and their capacities at edible stage, whereas commercial check had the highest antioxidants and their capacities at seed stage. Corn silk harvested at edible and seed maturity stages had the highest anthocyanin, phenolic content and the scavenging abilities against DPPH and ABTS radicals than other ear components. Corn cob also had high total anthocyanin yield in each genotype. KKU-OP had the highest total anthocyanin content and antioxidant activity in corn silk at both maturation stages, whereas KKU-OP and KKU-F 1 hybrid had the highest anthocyanin yield in corn cob at edible and seed maturation stages, respectively. Purple waxy corn with high anthocyanin content and strong radical scavenging capacity can be used as a promising source of anthocyanins for functional food products, cosmetic and nutraceutical products. Corn silk and cob, regarded as waste from corn production, also have high bioactive compounds and can be used as raw materials for production of anthocyanins that can be used as natural food colorant by the food industry.
